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Growth of Populus x euramericana Plantlet under Different Light Durations
Liu Chenggong’? Liu Ning® Ding Changjun'? Liu FenFen'? Su Xiaohua'? Huang Qinjun'?
(1. Research Institute of Forestry, Chinese Academy of Forestry Beijing 100091; 2. Key Laboratory of Tree Breeding and Culti vation, National
Forestry and Grassland Administration, Beijing 100091; 3. Woodlab, Department of Environment, Ghent University Ghent 9000 Ghent)

Abstract: [Objective] The aim of this study was to investigate the effect of different light duration on the growth of Populus
plantlets during the early seedling raising process. [Method] In this paper, 16 seedlings of Populus % euramericana clones were
taken as research objects, using full-spectrum LED lights, six light treatments of 11 h, 12 h, 13 h, 14 h, 15 h, and CK (greenhouse
natural light) were designed to examine the response of Populus x euramericana plantlets to light duration in the greenhouse. Every
15 days during the 150-day experiment, plantlet height (H), ground diameter (GD), number of nodes (NN), number of leaves (NL),
and the relative chlorophyll content (SPAD) of Populus x euramericana plantlets were measured. The response of plantlets to different
light durations was demonstrated by establishing and screening growth models, and rhythm and relative chlorophyll content were
statistically analyzed. [Result] The light duration had a significant effect on the H and GD of Populus * euramericana plantlets, and
their growth was positively correlated with light duration. The short fullspectrum LED lighting duration will affect the rhythm and
prematurely halt the growth of H, but the GD will continue to expand. Comparing the fitting models of different growth curves, it was
found that the Gomperz model has the best fitting effect for the growth of Populus x euramericana plantlets under LED lighting, with
all R%s values greater than 0.89. The results showed that the Gomperz fitting model explained the growth of Populus x euramericana
plantlets under different light durations.Long light duration has a greater growth potential, and the rapid growth lasts longer. The delay

in the cessation of the increase in the NN was a result of the increased illumination time. Compared with natural light, LED light lessens
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the NL. Populus x euramericana plantlets will have a lower SPAD value if the lightduration exceeds 14 h. [ Conclusion] In the process
of growing plantlets in the greenhouse, both light quality and light duration should be considered. In actual production, appropriate
increase and supplement of artificial light under natural light conditions can better improve the early seedling efficiency of Populus x
euramericana.

Key words: Populus % euramericana; light duration; plantlets; growth model; rhythm; SPAD value.

RN ER K EHEREATTHRER THRAER, Aot Em K KA E 2 AT D
(Tripathi et al.,2019). JGHEBLZAEY AT I EZEMIEE T, W eEmAME R —&12,
BOGEMEREEIR (Li et al., 20200 KR &EER T DA SOCRIE S, 51 B S 80 A 2 s 8ok
EMNINE, M B SRS kKAEZAE (Fankhauser and Chory, 1997; Qin et al., 2020; Yong and
Hanover, 1977). Jt i 2T RGN (8] ) SOB, $RE 7T AR . K ERTAMA TN (Ramos—S
dnchez et al.,2019). Kk, AR V2 A A RED A KM IEFETT B EEIRIE R F 22— (Meng
et al.,2021),

DA IR AR AL SERR 2RI KA . BEFL R, G IR A AR AL RS i S RAE (Qin et
al.,2019; Ream et al.,2014). fRFAKER (Grime et al.,1981). & e AF AN B IR, 7] T12
BEREYDCE TR R (Wei et al.,2013), FHMHWMEMMAEKKE (O eilly et al.,1989). T
TR AR, 0leksyn &8 (1992) A IAERA ) M HEIR 8] R A% 1 FA A EF RS i 2 - 04 o 184 142
Ko IR, 18I K B4 5O RN [R] R R A8 0 1) A KA B C BORiR = A i s 27 . £
AET7 X 42, S LED KT AT DA SR ol 506 RN ) AS R B 1) 8 (L1 et al., 2018; Wang et
al.,2021; Wei et al.,2020). SGRTAIWIFCEon, LED HIARIEANGEE T /EYIH R B F OGRS, (2
BT MO AR, 1RE T EMN R (Dueck et al.,2012; Goémez et al.,2016; Lu et al.,2012).

BeAh, eI T AT RAD A RE I M A (Azad et al., 2011; Kwak et al.,2018;
Velez—Ramirez et al.,2011). ) 5 HIR 713 B, A AR 40 1 A A R A8 A mT DS i 3 7% 6 ek el 4z,
HH T B8 P4 T SR AE 4 FF4E (Riikonen, 2016). TEWFFTHIMIANTE (2L KAURET, 2% 4 4K
4 (Wang et al., 2021), K [E] 5 2R G 2 — A Eee A Kod i, 8 E S5 R 98 R 15 314
T PRD AR DX TR R ARE A T B SRR o ey, 5 B5OR I 50 A8 A B 8 S I FRE ST TR R R A AR R o AR
P PROE A HEBEAE T B A, — BEARRKR I, RS R AR W R R AT SR K
FEIE (Hao et al.,2022; Hsieh et al.,2021; Wang et al.,2022), WHHEEALA —EEE LA
S A RE ) (Hirose et al., 2021), TSR Z A0S & U B T 76 240 RO EIRE (L1 et
al., 2022). BB AR, MR SRR FEA, S m it E R AT it
SRR AR & EAERT Feh ) SPAD B KoK, T RARISR 1 AR 41) S il 25 T LA 75 SRATGS it B (1 v
B2 (FRIET-5E, 2000),

BKFEW (Populus X euramericana) s&—FhigE . R mirs &N SRR R, AN A
THAEFEAEEZ Y (Fang et al., 2007; Shi et al., 2022). YENFEMEW (Populus deltoides 2 )
MIERIN A, (Populus nigra &) WIZAZTAL, EREMFEIN 2K 7 BEAR R AR RSO I mptidite, H
ST EE, ATLLUEE IR G RR R RJ5M0 (Fang, 2008; Pallardy et al., 2003; Zlatkovi
¢ et al., 20200, MW I —FE, ARKEEPFEEZBZ DI FAREER TR, sk, .
IKIy A EERE . SR, o i 20 5 XK 1R ' o 0 22 S B At i A e ) R b 2 3 1 W R PR . — R
Ki, AbT7 BRI A B A H IR AT, FEARES X BT (ARG, TR U7 R A B i O R
M, EATEKEHR R RE 4 24 K (Ceulemans et al., 1999; Meyer et al.,2021; Zhang et
al., 2019) . HKHILASR, J&T R 750w S ] S PR 7 ) 1) 8 R A e AR AR Bk, R ) A LE ) P SRR 65 77
M. R, B FER @ BE LED AT A G IR KRN FDG T, I H 002 52 S0 50 WA 4 i R A
FEAEAG . TR I 3 6 77 TN T G IR i BRI . AT ST SR AT A5 B B ) 2B AR AR P ) 540
B RE T R HIRE F
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1 REA R 5 &

2015 4, FRATA BRI 1000 NHEF B AT 4458, fEdRE F DL 3%k FE 2= ik o 30 N AEKAF TG
PERFP T . 7F 2016 fFFHFRSHTH (39° 737 3577 N, 116° 757 1877 E) ¥H, 7F 2017 4F 4 HEEML
HFE 16 MEMERBIES, ERNRBHIREMBAIMTIRSE . BROmMEEE 142 18 cm, & 25
em; BRI 150 7. fEVE /KBTS BRI 253 6. 80 kg, FEFUATIRCEL Mot b oAb = 5:2:3,
JH) pH N 6. 58, RFIAKEL) 45. 40%, N I/KEL) 63. 80%. fF4I 1T 19 ZF0 Tl BE 18 B 2 A 46 i B
REBS I ORAT VIS CRD, FF3J5 28 45 & JFEREIRSELS, HRRSLIOE#T 105 K, mEAAE LK 1. ikt
T HARCM A AP, BRHR EH0E W B AR50y 6 AN F51a], b 5 A5 8] i Tt A1 DY J [
FE 2 2 BH X B A B, 5 1) P Ak — [ PGR8BI A LED BT (100 W), 28 6 /N5l (CK) &
TR TR A SR, ToRPEIBE K 11 h, 12 h, 13 h, 14 h 115 h, @@EERERNSEH E4-8:00.

13 h REZHAEMN, BREMRIEZRICEAIERS (PAR BEARK, MRS HBER KA 15
ho SZEGR A e RN X A ¥it, 3t 6 MXA. BXAFA 5 AKX, i 4 AN @G E N E R &
PR, 1 AN XN & . B/ N XEA 16 ANEERIAY, A 5 MEtE &R . SEER AN
2017 426 AHE 11 A, 3L 150 d.

1 S IEFF LIS 12
Fig. 1 Cultivation of plantlets and experimental procedures
SEIGAH R BEAEAT FIIERE, el iR 5 AT AT IS . The experimental group is the plantlets directly under the lamp, and the plantlets at the edge

of the light are not relevant to this research.

2 HERFE
2.1 EKNEFMRBIME  7£0-150d, & 15d HliEhs R RAKW RN &= (HD) AHE (GD).
5 45d-120d, B 15d Goit BRI 8. AE55 30d - 105d, 4 15d Al SPAD-502Plus Wl & H _Eifi
% 4, 5, 6 FrDIREM 1) SPAD fH.
1 R
Tab.1 Models to be tested

PRHETY R FR Jite ZH C WX i)
Function type Function name Equation Ranges of C
Quasi-linear Generalized Single Index y = a+ b*exp(-c *t) 0-50
Quasi-power Richards y=a*(1-exp(-c*t))"b 0-2
Quasi-hyperbolic Logistic y =a/l (1 +b*exp(-c*t)) 01-9
Quasi-power Levakovic y=a*t"2/(c+t"2)" 1-50
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Quasi-exponential Gompertz y = a*exp (-b* exp(-c*t)) 0-2

Quasi-linear Log-Linear y =a+b*log(t + c) 0-50

Oy RFFEE, RERA1E. S5 a EWHE (&K KE, b flc #HARN S vis the value of triat, and t represents time. Parameter ‘@’ is the as-

ymptotic (maximum) length, b and c are parameters to be estimated.

FIFH H A1 GD B 7 A KE I @A K il 2, i LR A B 12 B & AN S0 1R 4 1 A KA
AL R AR R R S AR it e, BEEDUR R AR (3R 1. H Gompertz (T E RS,
2017; Yazdan et al.,2022) A= KA (15 A= [X ] 2«

2b 1 2b
L olnz ]
3+v5 * ¢ 3—/5

[11, l‘z]:[ %Ln
tmax= (t1+ 1) / 2
K RREKIFUWERE; 6 RARERKEREI ] fnax R RAEKE BRI ] o £WHE (&R
KB, bl c MRS EL
2.2 WIRACTE AR R AL BN S AR KA )it 5 2R TR SPAD E T 4 KRG AR
B, AT AR & A R A A . AL AL SR B ARSI E ST A R3.6.3 1 5E e

3 RS540

3.1 FEIXBIKTREGSBENEKIPE

e 2 HER TIREMSE S (H) A (GD) 1 150d A KK FHYE. h%E 2 TUEE, R
1Thy 12h A1 13h ) H AEKLES 90d-105d BHFIEAK, Hp B 20 Riie 8 iy vz ik, GD 4k
KRiF 1L, H A GD A REK R R4 REIN N CK &K, 14h F 15hkZ, 12h M 13hE/h, 11h
e/

% 2 H A1 GD ikt it
Tab.2 Descriptive statistics for H and GD

5 JEIEAF K Light durations
LIS
R
Days of
Trai 11h 12h 13h 14h 15h CK
growth
ts
60.80 + 61.66 + 64.66 + 10151 + 99.53 + 102.19 +
150
10.07 8.02 15.87 36.69 31.33 42.49
60.80 = 61.66 = 64.66 = 99.04 + 95.92 + 100.51 =
135
10.06 8.02 15.87 35.93 30.54 42.73
60.80 = 61.66 = 64.66+15.8 96.07 = 92.85 + 100.10 =
120
10.05 8.02 7 34.10 27.70 42.50
60.80 + 61.6648.0 64.66 + 93.13 + 88.80 + 99.17 +
H 105
10.04 2 15.87 31.57 25.12 41.36
59.14 + 60.18 = 63.88 = 89.27 + 83.33 % 95.51 +
90
10.22 8.14 15.27 28.04 20.97 36.67
58.32 = 59.81 + 62.31 + 81.08 = 75.63 = 83.83 =
75
10.28 8.27 13.30 19.71 15.96 28.18
57.35 + 59.08 + 59.75 + 72.48 + 65.76 + 68.69 +
60
10.23 8.00 10.22 13.16 10.09 16.04
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54.83 + 55.59 + 55.53 + 65.12 + 58.58 + 57.45 =
45
9.59 6.84 8.98 11.32 7.86 11.58
37.98 + 37.32+ 36.39 + 39.75+
30 41.25 +6.22 39.37 £7.10
511 4.47 4.84 5.38
23.67 = 23.62 = 23.69 = 2371+
0 23.71+£4.10 23.69 £4.08
4.01 3.90 4.05 4.10
6.46 =
150 6.60 £0.88 7.11+£1.30 7.76 £1.75 7.40 £1.62 9.49 £2.56
0.70
6.20 =
135 6.29 £0.75 6.57 £1.09 7.25%£1.48 6.92 £1.34 8.94 £2.41
0.68
6.04 =
120 6.11 +0.70 6.35 +1.00 6.86 +1.29 6.54 +£1.12 8.58 +£2.31
0.66
5.90 +
105 5.98 £0.67 6.07 £0.73 6.55 +0.99 6.22 £0.89 8.10 £1.96
0.63
575+
90 5.86 +0.66 5.90 +0.66 6.34 +0.88 5.96 +0.78 7.65£1.72
0.60
GD
5.56 =
75 5.67 £0.63 5.64 +£0.64 6.03 £0.70 5.67 £0.62 6.98 £1.41
0.59
534 +
60 5.47 +0.63 5.24 +0.52 5.70 +0.66 5.32 +0.50 5.89 +0.80
0.55
510 +
45 5.25 +0.59 4.96 +0.48 5.36 +0.59 5.08 +£0.44 5.39 +0.64
0.53
440 =
30 4.67 +0.56 4.33 +0.49 4.58 +0.56 4.56 +0.45 4.59 +0.56
0.52
3.61+
0 3.66 £0.56 3.62 £0.51 3.65 +0.56 3.65 +0.54 3.64 £0.56
0.55

DR RIS 2O 35 (bR % . The data format is “mean + standard deviation”.
3.2 REMAEEKELE
WA ZAE S 105d B H M1 GD I8 55 (45 RNk 3 Fros . MRIEHT (3 & B R2, Gompertz 5
RS T ERE A K AR L, R2ZAUE REBUYKT 0.89. & 2 #1817 Gompertz A K ihi2k, % 4
FIH TR IS4
* 3 WAEMmE

Tab.3 Goodness of fit comparison

BRI A4 R274F 4K [X ] Ranges of R2
Function name H GD
Generalized Single Index 0.7756 - 0.9802 0.8583 - 0.9751
Richards 0.5535 - 0.7746 0.4132 - 0.6666

Logistic 0.5516 - 0.7732 0.7640 - 0.9566
levakovic 0.5524 - 0.7738 0.4121-0.6655
Gompertz 0.8947 - 0.9871 0.9104-0.9793
Log-Linear 0.7676 - 0.9755 0.8321 - 0.9694

HIZ% 4 ATRAE H, H R R AR R B O IR fg KmAE 2, sZ R CK (207 d); R 13 h b,
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GD WA REHEZ S5 H —8, 13h i) GD A RECH 210d. 4T H 1 GD, CK -4 K ik 5 %
PR, LA Kb FE B Y HE S 18 i AR R

% 4. Gomperz J7 PR S HU T HEAE X [A]

Tab. 4. Gomperz equation parameters and fast growth interval

GRS
3
pusdil RS2 H] b 24
N tra
Treatme a b c ty t Expected Growt R2
Trai x
nt duration h rate mm/
ts
d
0.99 0.03 1 0.568 0.948
11h 62.736 46 80 68
2 3 2 6 4
1.01 0.03 1 0.578 0.954
12h 63.913 48 83 71
7 2 2 1 7
1.08 0.02 1 0.869 0.915
13h 68.032 56 98 84
3 9 4 5 3
H
110.86 1.57 0.02 2 11 19 3.465 0.938
14h 170
7 2 1 9 4 9 7 6
112.98 1.58 0.01 3 13 23 3.900 0.987
15h 201
9 7 8 4 5 5 0 1
119.66 1.66 0.01 3 13 24 4.261 0.894
CK 207
8 7 8 5 9 2 0 7
0.59 0.01 1 0.012 0.966
11h 6.650 49 85 73
4 8 2 9 4
0.62 0.01 1 10 0.013 0.975
12h 6.706 59 88
3 6 5 3 0 8
0.86 0.00 3 14 24 0.020 0.963
13h 8.607 210
9 9 6 1 6 5 4
GD
0.90 0.01 3 12 21 0.022 0.979
14 h 8.997 187
0 1 2 5 9 9 3
0.94 0.00 4 17 30 0.022 0.966
15h 9.527 261
6 8 5 5 5 1 3
1.44 0.00 7 27 48 0.039 0.910
CK 15.030 417
3 8 1 9 8 0 4

OB a REMAEE: HAE 14h, 15 h A1 CK AR 1110 cm — 120 em)¥$3E8 11 h, 12 h A1 13 h &/E#H S (62 em— 68 cm) 1 1 4%, GD
7 CK HIAEK®E ik (15 mm), 13 h- 15 h A KB IRz (8-9mm), 11 h M1 12 h fZE K38 /1% (6.7 mm). “a’ represents the final value: the
growth potential (110 - 120 cm) of Hat 14 h, 15 h, and CK is nearly double that of 11 h, 12 h, and 13 h (62 - 68 cm). GD has the greatest growth potential in CK
(15 mm), followed by 13—15 h (8 - 9 mm), and 11 h and 12 h have the least (6.7 mm).
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Gompertz of Seedling Height Gompertz of Ground Diameter
1201 101
g
1001 /
, &1
- . 5 11h
o 1 @ —
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o fal 13h
= T = 14h
o 60 3 ] 15h
® o
CK
5
401
41 /
20 31
0 15 30 45 60 75 90 105 120 135 150 0 15 30 45 60 75 90 105 120 135 150
Day Day
K 2 Gomperz A=K £ Xt th

Fig. 2 Gomperz growth curve comparison

3.3 TEIEBIHC T BREF 4 &R T8 At 5 32 LK SPAD &

Bl 3 R T8 A A . AR AR R, ERAEKMARE L. BRI T &
AR B T 2R, HAREMAT BN S 75 d JUFE LR, M KATRE A K R ELE. 11h, 12
h RGN ELE CK B 15 d 451k, AR HHRRFZER] 728 105 d. mAEKAESE 105 d#F1E. 13 h I 808
I, AR, EAE KRS 105 d 51k, 14 h R 15 h I BOMAINZESS 120 d f51k, AR AR AR K
KfFibe WAE 1Th, 12h M 13h FEHER) 15d WG, Zf5—B FF. 14h iy S5emeb i,
15h M —HEL, CK M3 inE b

CK AN 2R R & & (SPAD) 7 35-40 2 [0], X2 1EH I E AR TR, SR8 E 2 7EL A4
KEI 45 d JFH RN FFMECHAEIER 15 d, CK ISR S & N, SO SRS 8%
JEIR L R BRI IR, 7E55 60 d HIFAERIERAK, H CK () SPAD HIAZ& & THOLIEA . )5, 11h Al 15h &b
R A H AR ek R S BT IR K, KRATESE 95 d M58 80 d B HI FHR FF%; 12h, 13 h, 14 h F1 CK
N BRI £ 2R AE o DU TE S 45 TR AT S AR ORI K 3 . SR IRAL R Z5 TR (B8 105 d), 12 h A 13h f AR
MRS EHERT CK, 11h XA RS ES CKAHIL, i 14h A1 15 h AR SRR S ERE /N T
CK.
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Nodes Growth Number of Leaves SPAD Variation
1001 40 B0
50
80
LSD' 11h
8 4071 — 12h
® E o
S 50l 2 < — 13n
o © [a
pd 2 7] =— 14h
(]
e 301 == 15h
e
20 CK
40
201
=
20 10 10
45 6D 75 90 105 120 45 B0 75 90 105 120 30 45 B0 75 90 105
Day Day Day

P 3 A F R ARG HEAL HE S AR AL
Fig. 3. The number of nodes and leaves and the change of SPAD value

RS2 95% I B (S X (8], The shaded area is the 95% confidence interval.

4 vHig

4.1 BREERENITTEM A LT IE SRS S0

ARG A K PR E BE IS B[R 2 2 — (Fankhauser and Chory, 1997). AW 5+, 11h,
12 hAI13 hibBE R IR EM 4N THHMGD R % /N T 14 h, 15 hFICKALER, flfiTH94: Kig fpth 2 tnit . X —45
REHAMB 7 —3 (Johnsen and Seiler,1996) . 31X & PA| 24y K 1) 6 R B 2 5 B0k 4 A8 3 2 v e A ) 48
COL[JREJIB#{% (Arnott, 1984; Dengand Quail, 1999), 1K IEHE T A 1EH M A ZE K, {2k T Yt
KA oKtk &k (B RS, 2009; Yinetal.,2023). SR1, RATKIEERATHEAR R LI EEN, A
GIUARIR A5 . 0. CKALHEE BARA 2 K IOE BT K B B A A E =T AR 1L, H B ERL 1
MR FE 2 T A IS (W LEDAT, Xt a4 Ui B 7O REOE R £ 4 A KK B — Mg R T (Xiao er
al.,2022). 534, SEERIH100 W LEDST C& 8k 1 RE RAE, DRI 25 00 25008 X5 TR 2 1) v ek 1
B2AEY AL TR Z ST . W SR B ARG R IR A, )RR 2 5 v ) S AR ) A K KT RN B = g I 4%
BRI, RERXERAER, HEAETN.

AR, AS[E SR AR AT H A 7 2 KT GDI AR S, 7R F2 B4 i i AR KT R s T B A
o, BCHEWT R IR R T A A KT, IR N I A4S S — 30 (Azad et al.,2011; Kwak et
al.,2018; Riikonen, 2016), XEEI R WA AMNCKE 13 hiIxf L3 DL RE, B3 hig Ui ¥ERK (2
ZH) MK, MEZRWHENARN, CKAHES H R &0 RS KR D . E5575d
I, CKALHE T B0 4 IS, 2R B R 1) B SRR BRI K D2 PRI T B4 i i S in . BB A
K (il P8 PR RS [R] O 48, R o R A B 1 R S 47 1 Bt g 45 L3, o s 4 A Kt
FUEZIR, XATRe SR H IR SAKAT b, BN 25 NRIRIRES, 89 Li FE A o0
(Bohlenius et al.,2006) . AN[F[1)A2, KGRI KN RRSE S 1 5 8005 i a) 220 10 H AR, HL7E 4
ARG HAT RA AE 4R 8, X U DG BRI T B s i 2] 7 E REH . 5 RADEER R A
Ko XFRKER, 14 hUL LSRR K SR A KL, MR =42 (Picea pungens) HIHNFEEE /D16
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hUL 6 B (Young and Hanover, 1997), I R A A& IH- 4§ A0 ] P i) fép P 78 2 S A 3 A% 22 e s oK
o

T B A 18 6 Js o2 1T g 2 s e T AR K AR A7 . FORRIRFTEIAN, B KPR FEE L I K AR K 2]
ReH R T ARKAELK (Beuker, 1994). AW+, HGompertzfif 4 X (B A%, 14h, 15 hFICKT# A X
[ TES30 dVERANIE 2 5, HOEAE RS R AR K T 13 h A LL R OB, HESHERAERKE . Wi
B2/ 14 hUh E M LEDYG BT RRE A A KA RN . 74k, BIARFFE R I — e F2 b4
KAED I HR KRR WS (2 3k [F AL AR R (SRAEF4E, 2000; Wangeral.,2021; Weietal.,2013), iX/EFRA]
JEHT G T 14 hAI 1S hot HEE 8] BRSEW %)) B AR 0 & K/ VA IO 72 R 45 21 T 380F (Liu e al.,2018). 44K,
USRS B 5 T M I RAR B[], U] RESE N A/ AR WG VR P8 5 AU, HRTE ARz R I P o€ e
(Murray et al.,1989; Howe etal.,1995). [Ktk, il Aid i 6 a1 1 X BR 58 4 40 8 1 A KL IR AR i
FRMPTEME R B B OCEEN,

AR RS R R RS, WA BETTUARRY R E NG TEAMR, AR5
hif RIS K AT DU I RREEIE 2, 15 hPL R I LED YGRS Ak i B R kil , R e FRR i T R
Mgl 8 F7 AR s TR G IR 4l R (R 4650, AR R R T B AR, A PR 1 e A0 S B OR Tl 0 3
BRI 7 R B e R, X5 HoAth NI 5t 45 RARL (Ekmekgiand Terzoglu, 1998). M4k, M2z &M
Y5e ROGRETR I S I O R 7, L R B RE ) ) B 6 K/ BB 3R KSE (Liu et al.,2018).

SPADfH 5 4R B FE AR & = R 3 EA G, REEMYDLE BN — AN EZEWNEF (Szule ef
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